Purpose To analyse current off-label use of bevacizumab for wet age-related macular degeneration (AMD) in Europe. Methods The study was conducted as a combined survey and literature review. It included the 22 most populous countries in Europe. In each country, ophthalmologists with particular knowledge about off-label treatment responded to a questionnaire. Results Answers were obtained from twenty European countries. The off-label use of bevacizumab for wet AMD greatly differed between nations; the bevacizumab proportion varied from non-existent (0%) to very high (97%). There were also large disparities within single countries (e.g. 0-80%), which were attributable to differences in regional decision-making. Both governmental institutions and national ophthalmological societies expressed highly diverging opinions on the use of off-label treatment. Intravitreal administration of bevacizumab had been a matter of legal dispute in several countries. The question about responsibility for off-label therapy mainly remained unanswered. Conclusions There was a highly varying utilization of bevacizumab between European countries. Despite an intention of a consistent approach to medical regulations, Europe has not yet reached a professional or political consensus on the ophthalmic off-label use of bevacizumab.
Introduction
The term "off-label drug use" describes the utilization of an authorized medicinal product in a manner different from its marketing authorization (MA) [1] . It is a widespread medical practice and occurs for several reasons. First, drugs with MA for a certain purpose may not be available, which is typically the case for children, pregnant women, or patients with rare diseases. Secondly, an off-label drug is sometimes more effective than the registered therapy, such as rituximab for multiple sclerosis [2] . Finally, an inexpensive off-label drug can have comparable efficacy and safety to costlier therapy with MA. This is the case for bevacizumab (Avastin®; Roche, Basel, Switzerland). Although bevacizumab is only approved for systemic cancer therapy, it is used worldwide as an intravitreal treatment for retinal diseases, such as wet age-related macular degeneration (AMD), retinal vein occlusion (RVO), and diabetic macular oedema (DME). At the same time, ophthalmic off-label use of bevacizumab has caused great controversy because of the ethical, juridical, economic, and political issues surrounding its use [3] .
Bevacizumab is a monoclonal, humanized, full-length antibody against vascular endothelial growth factor (VEGF). It was developed for use in breast-, lungand gastrointestinal tract malignancies. However, many well-designed randomized controlled trials have also assessed the safety and effectiveness of bevacizumab in treatment of ophthalmic diseases, in particular wet AMD. The first major trials were the British inhibition of VEGF in age-related choroidal neovascularisation (IVAN) trial [4, 5] and the American comparison of age-related macular degeneration treatments trials (CATT) [6, 7] . The IVAN trial demonstrated that ranibizumab and bevacizumab had similar efficacy, and the frequency of serious adverse advents, such as arterial thrombotic events or hospital admission for heart failure, did not differ between the two drugs. The CATT study found that ranibizumab and bevacizumab had similar efficacy on visual acuity and that the rates of death, myocardial infarction, and stroke did not differ. Several other studies, such as BRAMD [8] , MANTA [9] , GEFAL [10] , and LUCAS [11] , have later confirmed that bevacizumab is non-inferior to ranibizumab for the treatment of wet AMD.
Modern Europe is dominated by the establishment of a political union, the European Union (EU), which shares common health objectives and focuses on giving equal access to modern and efficient healthcare for all citizens. The purpose of this study was to obtain a European overview of off-label use of bevacizumab for wet AMD in relation to professional and bureaucratic opinions in each country.
Methods
This study was conducted as a combined survey and literature review of legal documents, scientific publications, and available regulatory information regarding ophthalmic off-label use of bevacizumab for the treatment of wet AMD in Europe. The study included the 22 most populous countries in the EU and the European Free Trade Association. Literature was collected using PubMed, Google Scholar, and Google and search terms such as: "off-label", "bevacizumab", and "wet AMD". Literature was also gathered from ophthalmologists with a particular knowledge of national use of Avastin. These were found by personal contacts, through their profiles on institutional webpages, or national ophthalmological societies. The experts were also e-mailed a questionnaire. The following questions were posed:
1. What is the share of bevacizumab for wet AMD in your country today? 2. Who pays the drug cost for the injection, i.e. public insurance/private insurance/out of pocket? 3. What is the national ophthalmology society's opinion on the ocular use of bevacizumab? Are there any policy documents about this issue? 4. What is the national governmental authorities' opinion on the ocular use of bevacizumab? Are there any policy documents addressing this topic?
5.
Who is responsible for harm caused by off-label bevacizumab use, i.e. doctor/national health insurance? 6. Have there been any national legal disputes over ophthalmic use of bevacizumab?
All national experts were presented the final version of the manuscript and encouraged to review the description of their own country.
Results
With the exception of Slovenia and Greece, all countries responded to the survey. Results without a reference are survey answers from the expert ophthalmologists.
Austria
In Austria, approximately 90% of anti-VEGF treatment takes place in a public hospital setting and is refunded. There are no national recommendations regarding preferred use of anti-VEGF drugs. A nationwide study, MANTA, was conducted to compare the efficacy of bevacizumab and ranibizumab [9] . In hospitals, bevacizumab accounts for 20-60% of intravitreal injections, but aflibercept accounts for an increasing proportion. The treating physician is responsible for complications of off-label treatment. According to some retina specialists, the use of off-label drugs might be regarded illegal and remains an unresolved issue.
Belgium
In 2012, the Belgian Federal Agency for Drugs and Health products (FAGG/AFMPS) stated that bevacizumab should only be used to treat wet AMD in clinical trials and under the responsibility of a researcher. There is no reimbursement for ophthalmic use of bevacizumab, and the patient must pay an average of €50 for each injection. By comparison, the copay for ranibizumab and aflibercept is only €10. Nevertheless, bevacizumab has been commonly used as adjuvant therapy because of a wet AMD reimbursement limit for ranibizumab of 8 injections during the first year, 6 the second year, and 4 during the third year and beyond. Likewise, the aflibercept reimbursement for wet AMD has been limited to 17 injections over the first 3 years and 4 yearly injections thereafter. In 2016, following negotiations between the National Institute for Health and Invalidity Insurance (RIZIV/INAMI) and Novartis and Bayer, these limitations were discontinued, which again led to a decrease in bevacizumab use. At Turnhout General Hospital in northern Belgium, bevacizumab was used for 45-50% of intravitreal injections until 2015; in 2017 and 2018 the proportion dropped to 7%. National data on bevacizumab use do not exist.
Bulgaria
In Bulgaria, patients must pay about €150 for an off-label bevacizumab injection. On the other hand, aflibercept is partially covered by the health insurance system. Still, the patient's copayment is 20% higher for aflibercept than for bevacizumab. The Bulgarian Society of Ophthalmology recommends bevacizumab for treatment of wet AMD, and it has been used in 90% of all intravitreal therapy. However, it is estimated that the bevacizumab proportion decreased to about 70% following reimbursement of aflibercept from 2018. The Drug Safety Committee is responsible for side effects of drugs. There has been no national legal dispute over this matter.
Czech Republic
State health insurance does not cover the costs of intravitreal bevacizumab injections. Therefore only on-label treatment is possible in public hospitals, and ocular bevacizumab is used only in private clinics. The Czech Ophthalmic Society has no data on the frequency of bevacizumab use in the private sector. Legal regulations concerning off-label treatment in the Czech Republic are generally complicated. In the event of adverse effects following off-label bevacizumab treatment, the legal consequences may be serious, and the responsibility rests with the treating physician. The Czech Medical Chamber confirms this situation. The subject of off-label treatment, especially the legal consequences of vision loss or intraocular infections, has been subject to debate.
Denmark
Intravitreal bevacizumab is not administered in Denmark because neither the state nor the ophthalmological community is willing to take responsibility for the use of an off-label drug.
Finland
The Council for Choices in Health Care (COHERE) has stated that bevacizumab is an effective therapy for improving vision in wet AMD and that it is equal in efficacy and safety to ranibizumab and aflibercept. Bevacizumab is also included in the publicly funded healthcare service [12] . According to the opinion of the Finnish Expert Panel, there are no clinically significant differences in the efficacy and safety between the different anti-VEGF drugs in the treatment of wet AMD. The Finnish Medical Society, Duodecim, recommends bevacizumab as first-line therapy for wet AMD [13] . Out of 75,000 yearly injections for wet AMD, 80-85% are with bevacizumab. Aflibercept composes 10-15%, and one aflibercept vial is routinely divided into 3 syringes.
France
The national health insurance in France provides full coverage for all anti-VEGF treatment. Since 2015, the French Agency for the Safety of Health Products has supported ophthalmic use of bevacizumab by listing it as an allowed off-label drug. The recommendation was renewed in 2018 and made valid for another 3 years [14] . On the other hand, compounding of bevacizumab into prefilled syringes has been subject to very strict regulations, which practically makes bevacizumab difficult to obtain [15] . Fédération France Macula sees no clinically significant differences between bevacizumab and the authorized medicines but points out several unsolved problems regarding its off-label use [16] . The ophthalmic use of bevacizumab is very low and accounts for < 1% of all intravitreal injections. The doctor is responsible for all adverse events.
Novartis and Roche have challenged the off-label recommendations and claimed that the risk of infection is greater for bevacizumab than ranibizumab due to compounding. Nevertheless, in 2017 the French Administrative Supreme Court upheld its decision to support the ophthalmic use of bevacizumab [17] .
Germany
Germany has a health insurance system that provides full coverage for all anti-VEGF treatment. As therapy freedom applies to physicians, it is legal to provide off-label treatment. However, health insurance coverage for off-label treatment is only possible if no approved alternative exists. The Federal Joint Committee sets the standards for reimbursement and publishes a list of acceptable off-label treatments, and bevacizumab for ocular use is not included [18] . Nevertheless, for many years, insurances have made contracts with medical care suppliers that offer a financial compensation when using bevacizumab, a legal situation that has been tolerated for more than a decade. In 2007, the German Ophthalmological Society stated that bevacizumab's efficacy was similar to the approved drug, ranibizumab [19] .
Bevacizumab accounted for nearly 35% of all intravitreal injections in 2017. [20] . The treating physician is responsible for any adverse effect owing to off-label treatment and obliged to inform the patient about the medical and legal aspects [21] . In 2015, a legal dispute arose over the German company Apozyt for producing and selling bevacizumab and ranibizumab repacked into pre-filled syringes. Novartis initiated legal proceedings against Apozyt for unfair commercial competition. The matter was brought before the EU's Court of Justice, and the court ruled that as long as modifications were not made to the product, a new marketing authorization was not required [22] .
Hungary
The governmental authorities in Hungary oppose intravitreal off-label treatment with bevacizumab. Both the Hungarian Ophthalmological Society and the College of Ophthalmology follow this opinion. However, a few ophthalmic departments have applied for permission to use bevacizumab on an individual basis. The treating ophthalmologist is responsible for adverse events that occur after intravitreal injections.
Ireland
In Ireland, the public insurance pays for the majority of intravitreal injections. Some patients seek private clinics and payout of pocket. The two largest public retina services nearly exclusively use bevacizumab. Governmental authorities indirectly and directly encourage the use bevacizumab, whereas funding for registered drugs is discouraged by means of reimbursement obstacles. The ophthalmologic society's opinion about off-label bevacizumab is broadly supportive. However, it expresses concern over doctors' loss of autonomy and independence with regard to clinical decision-making. A "nonresponder" policy is promoted, i.e. bevacizumab is the first-line treatment, but switching to another drug is possible in the case of treatment resistance. For wet AMD, the share of bevacizumab is 70-80%. The ophthalmologist is responsible for adverse advents, and informed consent is advised. There have been no legal disputes over bevacizumab use.
Italy
Italy provides universal healthcare by a mixed public-private system. The public part is guaranteed by the National Health Service (SSN), which is organized under the Ministry of Health and administered regionally. The Italian Drugs Agency (AIFA) regulates the use of both approved drugs and off-label treatment.
If an approved drug is available, the physician is generally not allowed to prescribe an off-label alternative. Nevertheless, discrepancies are common at a local level. In 2012, AIFA dismissed SSN coverage of off-label ophthalmic use of bevacizumab, a decision that the Italian Ophthalmological Society (SOI) in turn disapproved. In 2014, AIFA reversed their 2012 dismission and allowed for ophthalmic off-label use of bevacizumab for both wet AMD and DME. Treatment is reimbursed by the SSN. Still, only authorized territorial pharmacies are allowed to compound bevacizumab for intravitreal use. In 2001, the Italian Ophthalmological Society (SOI) stated that bevacizumab's efficacy was similar to that of ranibizumab [23] . Bevacizumab currently accounts for nearly 20% of the intravitreal injections for AMD. The Italian Competition Authority started investigative activities at the beginning of 2013 and finally imposed a €180 million fine on Novartis and Roche for "colluding to keep doctors from prescribing a relatively inexpensive drug" [24] . Offlabel use of bevacizumab to treat wet AMD has received extensive media coverage and sparked a lively debate on how the present drug regulations may be revised [25] .
Netherlands
In the Netherlands, a private health insurance is mandatory for all residents; the government decides the insurance coverage. There is a maximum yearly co-pay of about €550. The Dutch Ophthalmic Society's AMD directive states that, based on cost differences, non-inferiority, and current insights on systemic side effects, bevacizumab is preferred to ranibizumab and aflibercept as first-line treatment [26] . On a national level, about 75-80% of intravitreal injections are with bevacizumab. The government has not opposed the use of bevacizumab. Instead, bevacizumab is officially reimbursed for treatment of wet AMD, DME, and RVO. The treating physician must inform the patient about the off-label treatment, and the Dutch Ophthalmic Society also recommends that the patient sign an informed consent. Patient's organizations sued several ophthalmologists in 2008-2010 for the use of bevacizumab.
Norway
Anti-VEGF treatment in Norway includes all three drugs. In 2015, more than 60,000 intravitreal anti-VEGF injections were given, and the bevacizumab to aflibercept ratio was nearly 1:1 [27] . In most ophthalmic departments, bevacizumab is used as first-line drug, while aflibercept is used for treatmentresistant cases [28] . The Norwegian Ophthalmological Society suggests that bevacizumab should be considered as first-line treatment for wet AMD [29] . Likewise, the Norwegian Board of Health Supervision accepts off-label use of bevacizumab, provided that the treatment is justifiable and informed consent is obtained. Moreover, intravitreal bevacizumab treatment is officially reimbursed. The Norwegian System of Patient Injury Compensation reimburses all injuries originating from treatment in publicly funded clinics, regardless of off-label treatment. After two endophthalmitis outbreaks because of office-based splitting of anti-VEGF vials, pharmaceutical compounding of prefilled syringes has become common; one aflibercept vial is routinely divided into 3 syringes [30] . In 2018, the controversy surrounding off-label use of bevacizumab and Novartis received considerable publicity in an article series in two of Norway's major newspapers.
Poland
Although ophthalmic use of bevacizumab is regarded as offlabel treatment in Poland, the Act on the medical profession states that the physician must follow the latest evidence-based practice. Since 2015, wet AMD patients must meet specific clinical requirements to receive reimbursement for aflibercept or ranibizumab treatment, and the institution must have signed a drug program contract with the National Health Fund (Narodowy Fundusz Zdrowia, NFZ) [31] . Bevacizumab is reimbursed for AMD patients who do not fulfil the aforementioned requirements. The NFZ also allows for bevacizumab treatment of RVO, DME, and myopic CNV. A large proportion of patients receiving bevacizumab are treated in private clinics. No national overview of various anti-VEGF drug proportions exists. Off-label treatment with bevacizumab has been subject to much debate in the Polish Ophthalmological Society (Polskie Towarzystwo Okulistyczne, PTO). The National Consultant for Ophthalmology has issued a position that bevacizumab's effectiveness and safety are comparable to that of registered therapy. Consequently, bevacizumab can be considered a treatment option [32] . The PTO sent a letter to the Ministry of Health, asking for the official government authorities' position on this matter, but no answer has been received so far.
Portugal
In Portugal, neither governmental authorities nor the Ophthalmological Society have officially expressed their opinion on intravitreal bevacizumab treatment. The use of intravitreal bevacizumab in public hospitals varies considerably. In some centres, bevacizumab is not used at all. In others, bevacizumab is used in nearly 80% of intravitreal injections and is typically used as first-line treatment. In private ophthalmic clinics, the bevacizumab proportion is about 70%, but the number is slowly decreasing.
Romania
Romania's medical care system is predominantly public and financed by the National House of Insurances. Treatment in a public hospital is free of charge, provided that the National Insurance System approves the drugs and procedures. There are also private medical care options, for which the patient pays out of pocket; a private health insurance system does not exist. In 2007, leading authorities from the Retina Romanian Society (RRS) and the Romanian Medicines Agency (IRDA) collaborated to significantly increase the ophthalmic use of bevacizumab. In 2008, Roche issued a public letter to dissuade ophthalmic services from using bevacizumab, claiming it could put patients in danger. Subsequently, all public hospitals banned intravitreal use of bevacizumab, and in consequence, bevacizumab treatment now exclusively takes place in private clinics. Inexpensive treatment with bevacizumab has helped promote the private ophthalmic sector in Romania, and bevacizumab composes nearly 95-97% of intravitreal injections. However, the off-label therapy represents a jurisdictional ambiguity, and physicians treating patients with bevacizumab face a substantial legal risk. Nevertheless, within study protocols, bevacizumab has been proven to be an efficient and safe drug for wet AMD patients, both in short and medium term [33] .
Spain
Medical expenses are publicly covered for patients treated in state hospitals but not in private practices. Approximately 90% of anti-VEGF treatment takes place in public hospitals. The Spanish Ophthalmic Society and the Spanish Vitreoretinal Society both advise that approved therapies for wet AMD should be used. Still, some regions with autonomous health decisionmaking capacity approve of bevacizumab as first-line treatment for wet AMD. The authorization does not apply to other diseases, such as DME, RVO, or myopic choroidal neovascularization (CNV). In the setting of insufficient response (strict criteria are lacking) to ranibizumab or aflibercept, however, bevacizumab may be used. It is estimated that bevacizumab composes about 13% of intravitreal injections nationwide [34] . In the absence of an institutional protocol, the treating physician is responsible for complications of off-label treatment.
Sweden
The Swedish healthcare system is government-funded and tax-financed. National principals and guidelines are established. Twenty-one county councils are responsible for delivering medical care. Each county has considerable leeway that explains substantial regional differences. In Sweden, bevacizumab has been used for wet AMD since the first CATT study was published in 2011. In 2016, bevacizumab was used for wet AMD in 10 out of 21 counties, and the bevacizumab share varied from 20 to 89%. There is a general trend towards less bevacizumab use in relatively rich and urbanized regions as compared with poorer and rural areas [35] . In 2011, the Swedish Ophthalmological Society stated that bevacizumab was a "satisfactory alternative" to ranibizumab [36] . The Dental and Pharmaceutical Benefits Agency, which decides if a drug should be reimbursed by the state, also endorses the use of off-label therapy [37] . On the other hand, the Swedish Medical Products Agency has stated that approved drugs should always be used if available [38] . In January 2018, the Swedish Drug Insurance, which is owned by the pharmaceutical industry, declared that it would not compensate for injuries associated with off-label treatment [39] . A similar statement from the National Patient Insurance followed [40] . Consequently, patients might not be compensated in the case of an adverse reaction attributable to intravitreal administration of bevacizumab.
Switzerland
In Switzerland, ranibizumab and aflibercept are fully reimbursed for treatment of wet AMD, DME, secondary CNV, and RVO. Accordingly, these drugs are routinely used in most clinics. Less than 0.5% of all injections are performed with bevacizumab. As there are only a few insurance agencies that refund intravitreal bevacizumab injections, it is rarely used.
United Kingdom
The government-run National Health Service (NHS) is the predominant provider of British healthcare. Patients do not pay for intravitreally administered drugs. All NHS trusts are obliged to use approved drugs. However, in January 2018, the National Institute for Health and Care Excellence concluded that there are no clinically significant differences between bevacizumab and its authorized analogues [41] . The decision was welcomed by the Royal College of Ophthalmologists, which had campaigned for off-label use of bevacizumab for wet AMD since 2012 [42, 43] . Data on the current use of bevacizumab are missing, but in 2015, bevacizumab constituted 3% of all intravitreal injections performed in NHS ophthalmic wards [44] . A possible turning point for ophthalmic use of bevacizumab came in September 2018, when an association of 12 clinical commissioning groups (CCGs, the NHS bodies responsible for the planning and commissioning of healthcare services for their local area) won the legal right to include bevacizumab as a routine treatment offer for wet AMD [45] . The cost of anti-VEGF treatment is not only considered an ophthalmologic issue but also a public health matter. The subject has received much attention in an article series in the British Medical Journal [46] .
Discussion
All health systems within the EU proclaim to deliver patientcentred and individualized healthcare [47] . Still, our study results from 20 European countries showed that the member states had different approaches to these values, and several discrepancies in off-label use of bevacizumab for wet AMD was revealed (Table 1) .
First, the bevacizumab proportion varied from large to nonexistent. In several nations, there were also considerable internal disparities between different regions. Secondly, the national ophthalmological societies expressed highly diverging opinions, extending from positive to negative, or no opinion at all. Moreover, ophthalmological society statements favouring bevacizumab were inconsistently associated with both high and low national off-label use of the drug, and the same was true in regard to the opinion of governmental institutions. Thirdly, both drug companies and governmental authorities had raised legal disputes over ophthalmic use of bevacizumab. Finally, the question about responsibility for off-label drug use mainly remained unanswered. However, although it was frequently claimed that the doctor was accountable, no country could present a case in which a physician was held personally or economically liable for adverse events attributable to ophthalmic bevacizumab use. Taken together, the controversy over ophthalmic off-label use of bevacizumab remains remarkably unresolved within the world's largest single market. In the United States, by contrast, there is a wider consensus, and a majority of American retina specialists use bevacizumab as the first-line drug [48] . Various drivers promote or prevent off-label use of medicinal products. The doctor-patient perspective, as expected, is a wish for therapy that is both safe and efficient. By contrast, the producers may see off-label pharmaceutical use of such a drug as a way to undermine fundamental principles of a regulatory framework. Medicine development takes a lot of time and money, and future investment initiatives could be halted if a therapeutic alternative bypasses normal legislative processes. In many cases, it is probably not a single driver but rather multiple factors that lead to a conclusion. The nature of the determinants might be complex, and they may also interact with each other. Still, multiple studies have proven bevacizumab to have comparable efficacy and safety to the registered anti-VEGF drugs, and there is also evidence that bevacizumab is the most costeffective drug for wet AMD [49, 50] . In the end, the considerable European differences in ophthalmic bevacizumab use could mainly be a matter of principle and reflect differing attitudes towards off-label treatment itself. Moreover, in the perspective of a tax-funded healthcare system, an increasing expense inevitably necessitates decreased funding in another area. When more costly drugs become available, the society must ultimately prioritize between treatments and patient groups. In this regard, cutting the cost of healthcare by using an inexpensive off-label alternative becomes an attractive solution.
In conclusion, despite powerful political instruments, Europe has not yet reached a professional or political consensus on the ophthalmic off-label use of bevacizumab, despite a proven effectiveness. The varying utilization of off-label bevacizumab in European countries seems to contradict EU's intention of a consistent approach to medical regulations [51] . Even if the results of clinical trials are the guideline for health policy throughout Europe, the drivers for off-label medication are complex and interact in an unknown manner. Regulatory levels, scientific societies and social discussions in media form the present system and makes it unlikely to establish a universal medical and pharmaceutical system within various European countries.
